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Materials and Methods
Nuclear magnetic resonance is commonly used as a powerful probe of spin states in various electronic systems. For the case of 2DES's, however, a small number of nuclei in contact with the 2DES and the overwhelming background due to the thick substrate have restricted those experiments to multilayer samples with fixed electron densities (S1). To measure 1/T 1 in a single density-tunable bilayer 2DES, here we use the current-pump and resistive-detection technique (S2, S3).
We use a specific electronic state in a single-layer 2DES at filling factor ν = 2/3, which allows for the current-induced nuclear polarization and, at the same time, facilitates its resistive detection. At this filling, the ground state is spin-unpolarized and spin-polarized at low and high magnetic fields, respectively (S4, S5), with the two phases coexisting in the form of magnetic domains at the transition point. Applying a current through the 2DEG in such a mixed phase causes electron-spin flips at magnetic domain boundaries, which are accompanied by nuclear spin flops and thus induce strong nuclear polarization (S6). The contact hyperfine interaction with the polarized nuclei acts as an effective magnetic field for the electron spins, modifying the energetics and hence the transport coefficient of the electron system. This allows the nuclear spin polarization to be sensitively detected by a change in R xx .
The timing sequence of our experiment is shown in Fig. S1A . First, the electron system is set in a single layer at ν f ~ 2/3 and ν b = 0 using the front and back gates, where a relatively large current of 100 nA induces nuclear spin polarization in the front layer, as manifested by the slow development of R xx . R xx increases over a typical time constant of 10 min and saturates at a value enhanced by an amount R 0 from the initial value (Fig. S1B) . Then, the gate voltages are changed to tune the electron system to a bilayer condition of interest (with n tot and δn), where the nuclear spins start to relax towards equilibrium (τ = 0 sec). During this relaxation process, the filling factors are temporarily restored to ν f ~ 2/3 and ν b = 0 at several time delays τ to measure the resistance relaxation ∆R xx (Fig. S1C) . The measured ∆R xx represents the degree of nuclear spin relaxation for the relevant bilayer condition (with n tot and δn). 1/T 1 can be derived by fitting ∆R xx to the relation ∆R xx / R 0 = 1-exp(-τ/T 1 ). Note that the scale of the bottom axis is enlarged ten times compared to B for clarity. 
